1 3 1 mathematical models were constructed. The Wuhan Model was based on the epidemic situation in 1 3 2 Wuhan from 16 January 2020 to 16 February 2020 and reflected the changes of the infections in the 1 3 3 city. It included seven population groups for the seven stages in the progression of the COVID-19.
3 4
According to the characteristics of the disease, when a susceptible person (Susceptible, S) effectively 1 3 5 encounters a person that is infected with the COVID-19, S would be infected with the virus (Exposed, 1 3 6 E) and would progress to infectious stage. The infected individual might exhibit symptomatic infection 1 3 7 (I) or asymptomatic infection (U), and might cause an infection of super-spreading event (I sse ); they 1 3 8 might get medical care (Treatment, T), and then mostly were shifted to the recovery group (Recovery, 1 3 9 R). Notably, the exposed individuals were infected, and had the ability to infect other susceptible Each model was based on three hypotheses: i) people who had visited or had a contact history with the 1 4 6
Seafood Wholesale Market were quarantined, and they did not travel to other parts of the country; ii) I, 1 4 7 E and U had the same ability to infect others, while those causing I sse had a greater ability to do so; iii) 1 4 8 estimated by the Wuhan model and the proportion of daily migration population from Wuhan to other 1 7 3 cities, we calculated the cumulative number of people entering each city in the incubation period within 1 7 4 8 days. The risk index is calculated by the product of the cumulative number of people in the 1 7 5 incubation period (until February 10, 2020) and the resident population of each city. The basic reproduction number R 0 represents the expected number of secondary cases produced by an 1 7 9 initial infectious individual, in a completely susceptible population. The calculation for determining R 0 1 8 0 was done by using the R software(11). The code is available from the corresponding author upon reasonable request. Diagnosis data (open source) from Wuhan for the COVID-19 from January 16, 2020 to February 16, 1 9 1 2020 were used for the modeling. Figure 1 shows that the Wuhan Model fits well the trend of the 1 9 2 number of recent confirmed cases in Wuhan: it predicts that the peak of confirmed cases in Wuhan will 1 9 3 be 1,718, and would occur around February 6. The peak of the number of asymptomatic infections 1 9 4 appears on February 6, while the number of I sse and symptomatic infections would reach their maximal 1 9 5 numbers on February 3, with peak daily number for the three types of infections being 1,017, 419 and 1 9 6 12,418, respectively ( Figure 2 ). And the number of confirmed cases would reach the single digit on 1 9 7
March 27 in Wuhan. 1 9 8 1 9 9
We established models for various scenarios, as shown in Suppl. Figure 3 . The smaller the outflow of 2 0 0 the population, the greater the daily number of new confirmed cases and the real time inpatients in 2 0 1 Wuhan. Thus, if the outflow of the population is 6 million, the daily number of newly confirmed cases 2 0 2 in Wuhan would reach 860. Similarly, a dynamic model was applied to analyze the daily increase in the 2 0 3 number of newly confirmed cases in Wuhan. Suppl. Figure 4 shows that the higher the early detection 2 0 4 rate, the greater the number of confirmed cases, and the earlier the peak appears. When the outflow population is kept constant and the quarantine rate increases gradually, the number 2 0 7 of newly confirmed cases decreases. To predict the impact of various quarantine rates, we set isolate 2 0 8 rate=10% as the baseline number of cases; when setting isolate rate=20%, it reduced to 1,159,720 2 0 9 inpatients cases on the day of peak numbers, a decrease of 11.18%; isolate rate=30% would reduce the 2 1 0 number of inpatients cases to 933,070 ( Figure 3 ).
1 1 1 2
In the Wuhan Model, we set a function related to the parameter m and time t as follows: before January 2 1 3 23, 2020, m infected people contacted the Seafood Wholesale Market, while the zoonotic infective 2 1 4 cases no longer occurred thereafter due to the closure of that Market. The Model simulated various 2 1 5 scenarios to assess the impact on the epidemic situation of an increase in the force of infection by 1, 1.5, 2 1 6 2, 2.5, and 3 times. By predicting the impact of the number of zoonotic infective cases, we set 43 as the 2 1 7 number of baseline cases. Doubling the number m (to 86) increased the number of cases by 1408 on the 2 1 8 peak day, and enhanced the confirmed cases by approximately 9.10% on that day, while augmenting m 2 1 9 to triple the baseline increased the confirmed cases by approximately 22.58% (Suppl. Figure 5 ). Suppl. Figure 6 shows the positive correlation between population inflow and case numbers per day.
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When the population inflow is 6 million, the number of new cases per day reaches a peak of 1,838, 2 3 6 while inflow become 3 million, the number would be 1,539. An increase of 16.2% over the peak would 2 3 7 occur when the population inflow was 6 million. We also found that the change in the inflow 2 3 8 population was relatively insensitive to the population flow. By predicting the impact of various quarantine rates on the number of cases each day, we observed that 2 4 1 the peak decreased gradually, and the number of new and cumulative confirmed cases per day had a 2 4 2 clear downward trend with the gradual increase of the quarantine rate; when the inflow population 2 4 3 remained constant, every 5% increase in quarantine rate reduced the numbers of the cumulative 2 4 4 confirmed cases, on average, by 313 cases on the peak day. Furthermore, setting the quarantine rate at 2 4 5 45% would reduce the number by 939 cases on the peak day compared to when the quarantine rate was 2 4 6 set at 30% ( Figure 6 ). When the detection rate gradually increased, the peak gradually moved forward, 2 4 7 and the number of newly confirmed patients showed a significant downward trend. Also, that every 0.2 2 4 8 increase in the detection rate leads to an advance of 1-2 days at the peak (Suppl. Figure 7 ). Based on the COVID-19 cases data from 16 January 2020 to 16 February 2020, the data showed that 2 6 5 R 0 declined with time as well as with implementation of different policies, from 5.75 to 1.69 in Wuhan 2 6 6 and from 6.22 to 1.67 in the entire country (except Wuhan), which was consistent with other studies(12, 2 6 7 13) but we first estimate the trends. Although R 0 for the COVID-19 was declined on February 16 in 2 6 8
China, it was still higher in China (1.66; 95% CI 1.86-1.46), compared to the range of the R 0 for 2 6 9 SARS epidemic (12, 14) , and for MERS (12, 14) . On the other hand, such a high number for R 0 was 2 7 0 consistent with the opinion that the virus had gone through at least three-to-four generations of 2 7 1 transmission and suggested that there might be a possibility of aerosol transmission as SARS did(15), 2 7 2 though whether there was aerosol transmission needs further investigation. our study predicts that the number of inpatients in Wuhan reached a peak of 13,030 on 14 February, and 2 8 2 begin to decline, which can provide certain basis for hospital bed arrangement. Model fitting for the newly confirmed cases per day gave a number that was lower than the actual 2 8 5 number, and the peak number of newly confirmed infected cases per day in the model fitting of the 2 8 6 entire country except Wuhan was also lower than the actual number -these discrepancies may be due 2 8 7 to underreporting, and delayed diagnosis during the early stages of the epidemic. The underreporting 2 8 8 and insufficient diagnosis might be due to less nucleic acid test kits, false negative result of the 2 8 9 testing(16), and asymptomatic patients(3). Due to the recent change of more availability of test kits and 2 9 0 greater efforts of various government departments, the detection capacity has continuously improved, 2 9 1 leading to a sharp rise in patients' numbers compared to the models' estimates. 
0 2
Many cities in the country had started the first level response. We reduce the isolation rate in the 3 0 3
National model to the scenario that the first level response was not launched. When the quarantine rates 3 0 4 are 30%, 35%, 40%, 45%, the peak value of newly confirmed cases will reach 3,532, 3,151, 2,753, and mask wearing when going out, and sit apart when taking vehicles) will be particularly crucial for the 3 1 2 blockage of the COVID-19. We assumed that the isolation rate in Wuhan will reach 85% and 80% in 3 1 3 the whole country except Wuhan. However, if we further improve the isolation rate, the epidemic will 3 1 4 end ahead of time. 
1 7
Due to the existence of asymptomatic infections and the possibility of missed diagnoses, rather than 3 1 8 analyzing just the number of people who have been to the Seafood Market, we have instead analyzed 3 1 9 the number of people who have contact history with the Seafood Market; when this alternative situation 3 2 0 is taken into consideration, the greater the number of people who visited the Seafood Market in the 3 2 1 early stage the bigger is the number of people infected, with a higher peak value. However, this 3 2 2 relationship is not sensitive. While people at the Market were found and isolated and were no longer This study primarily focused on the situation that can be judged from the appearance of some infection Our study has several limitations. First, there is no enough data to provide accurate information about 3 5 1 quarantine rates and detection rates at each stage of the epidemic, as the denominator could also be 3 5 2 underestimated due to limited medical source for treatment, false positive testing kits. However, we 3 5 3 have adjusted for the initial values of the parameters in the models based on the available survey data.
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Second, based on the changes in prevention and control modes and societal efforts at each stage, we 3 5 5
have estimated the functions of the quarantine and detection rates in relation to time, in order to 3 5 6 simulate the actual conditions as closely as possible. In addition, we were unable to obtain some 3 5 7 relevant data that may be very important to the study, such as the exposure and possible infection rates 3 5 8 of healthcare workers nationwide (19) . Instead, we use the estimation for exposure and infection rate of China's prevention and control measures have made significant inroads into controlling the epidemic of 3 6 3 COVID-19, but the complete control has not yet to be achieved. This study found self-quarantine at 3 6 4 home should be strictly observed in the future, and that the quarantine level to be maintained at a 3 6 5 relatively high level to prevent the possibility of a second outbreak of the epidemic. When the accuracy 3 6 6 and sensitivity has been improved substantially, e.g., by using CT scan instead of depending only on 3 6 7 testing kits, the continued success may still rely on the community screening in order not to miss any . CC-BY-NC-ND 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
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